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PURPOSE: To prevent the etching of a substrate in the production of a halftone phase shift mask and to prevent 
deviation in resolution characteristics. 

CONSTITUTI ON :(A~first translucent filrTr2acomprising Cr of 50&angst film thickness and a(sec^ 
2b comprising MoSiON of 1500&angsffilm thickness are formed on a transparent substrate I (a). A photosensitive 
( resin 4 is applied^nd [ drawn with electron beams (b). After development, the secondrtrahslucenrfilfTT2b is etchedjby^ 
anisotropic etching (c), Thfe first translucent film 2a is etched by wet method (d). Then the phdtbs^itiveTesin 4 is 
peeled(e): 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. ° 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS " 
[Claim(s)] 

[Claim 1] The manufacture method of the phase shift mask characterized by providing the following m 
The^process which forms the 1st transparent or translucent phase shift layer on a transparent substrate 
(2) The process which differs in etching nature with this phase shift layer, and forms the 2nd translucent 
phase shift layer with fully thick thickness from this phase shift layer on the phase shift layer of the 
above 1st. (3) The process which forms the etching mask which has opening on the field which should 
rorm a transparent field on the phase shift layer of the above 2nd. (4) The process which ********** s 

^feSJJfff °f * e ab °? lst Which exposed the 2nd P hase shift ,a y er as * result of the process 
which ••••••«.*. alternatively, and the process of (5) ****** (4) by the etching method which has an 

anisotropy and has selectivity to the phase shift layer of the above lst by the isotropic etching method 
[Claim 2] Cr, CrO, CrON, CrN and Sn02, the manufacture method of the phase shift mask according to 
?™ m 1 ^ r u actenze i by P uttm S either of the IT °( S ) an d Arming the phase shift layer of the above 1st 
[Claim 3] The manufacture method of the phase shift mask according to claim 1 characterized by being 
that to which the formation method of the 2nd phase shift layer in the process of ****** (2) carries out 
the spatter of the refractory-metal silicide, supplying oxygen gas and/or nitrogen gas 
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* NOtlCES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

predsefy CUment ^ ^ transkted by com P uter - So th e translation may not reflect the original 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

Petailed Description of the Invention! 
[0001] 

Industrial Application] this invention relates to the manufacture method of a halftone type phase shift 
manuSe manufacture ™thod of the phase shift mask used for semiconductor devtoe 

[0002] 

SSTSSS ° f Pri ° r ^ N ° W ' in u the manufacturin § Prooew of a semiconductor device, in order to 
liT. P f * ° n " Semicon u du( i! or Sub8trate ' ° ptical lith0 8^phy technology is used. In optical 
lithography it imprints to the photopolymer to which the pattern of a photo mask (each will be called 
mask here although it is the transparent substrate which has the pattern which con siste^a ^spanmt 
field and an opaque field and it is also called a reticle especially when reduction percentage is noU) 

Z1 P ? y 6 r J dUCtl ° n P i 0jeCti0n aIigner ° n the "^conductor substrate, an'd a ptoSS^i, 
processed into a predetermined pattern by development uiupuiymens 

E!h *? C T Venti ° nal ° P f al lith0 S ra P h y technology, it has corresponded to detailed-ization of a 
semiconductor device pattern by raising NA (Numerical Aperture; numerical aperture) of an alLer 
However, although resolution improves by high NA-ization of an aligner, conversely/the depth of focus 
decreases and the further detailed-ization serves as difficulty in respect of the depth of focus Then 
phase shift mask technology has been developed and put in practical use. A phase shift mask is the 
technology of controlling the phase of the light which generally penetrates a mask and i^v ng the 
optical intensity distribution in an image formation side ""proving tne 

[0004] the thing of various methods is proposed as phase shift mask technology - especially to an 
isolated pattern like a contact hole pattern, it is effective, for example, the phase JESfcT 
halftone method shown in JP,4-162039,A attracts attention 

[0005] The usual mask prepares the shading film pattern which consists of chromium (Cr) on 
transparent substrates, such as a quartz, and, on the other hand, the phase shift mask called halftone 
metiiod prepares the semi-transparent membrane pattern of predetermined thickness, such as a chrome 
oxide, on a transparent substrate. That is, with a mask, a transparent field and an opaque field a^e usuallv 

Satt 

E ™ 1™ Phase f! he ^ wh t ich P enetrates * transparent field and a translucent field is made to 
jiff er 180 degrees mutu ajljrwith a phase shift mask. Therefore, on an image formation side the S of 
a transparent field and alrScent field negates each other, the steep optical intensity distribution of a 
profile are obtained, and the depth of focus and resolution can be conventionally rafsed rater tnTn a 

[0007] Next, the phase shift mask and its manufacture method of this halftone method are explained 
with reference to a drawing. The phase shift mask of a halftone method is divided rougWv de- 
layer film method which the phase shift section consists of with the two-layer film o T^Z^L 
sjnftlayer.and a transparent tr^slu^ay^ and the monolayer method w'ith which a t £ S^eT 
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is constituted by the semi-transparent membrane. There are formed type of membranes and a substrate 
investigation type in the former again. It is a thing of a two-layer film method which was shown in 
tan^i (a) and (b), and it is a thing of a monolayer method which was shown in drawing 4 (c) 
[0008] what is shown in dn_vjng_4 (a) - the transparent substrates 1 top, such as a quartz - SOI semi- 
transparents membrane / 2 / [although Cr is shading material, it usuallyuses the filZ^nnS^S 

tL S 7thf^Llru k (ab °? 1% ° f P? meab ? ity) 38 3 Shading film here ' and h usua »y ™ k ** *e 
2MA 19 t ^ T° re 3 maSk , a semi - trans P ar ^t membrane] /, such as very thin Cr, / about 

200A ]2 etc. - it has the transparent membrane 3 

[0009] In the phase shift mask of this structure, the permeability of a translucent field is controlled by 
thickness of a semi-transparent membrane 2, and the amount of phase shifts is controlled by thickness of 
a transparent membrane 3 (since about [ semipermeable membrane 220-30 degree ] phase contrast arises 
wrth the thickness of a semi-transparent membrane 2, and its refractive index, in consideration^at A s 
rate, the thickness of a transparent membrane 3 is controlled to become 180 degrees on the whole) 
LrI°Kn'f 1 %1r" ta8 f ° n ^exposure P r °P er ty of this structure is a point which can control the 
permeability of ** translucent field with a broadly and sufficient precision and which can control the 
amount of * * phase shifts with a sufficient precision. 

[0010] Next, the manufacture method of the mask of this structure is explained. First the mask blank 
which formed the about 200-300A very thin semi-transparent membrane 2 of Cr, and fonn™ Transient 
membranes, such as SOG (Si02 film by the spin on glass method), on this further on the transpaS 
substrates 1, such as a quartz, is produced. Next, sensitization Naruki fat is applied to this mask blank a 
mask pattern is drawn, and the mask of a predetermined pattern is formed by development And CHF3 
Or CF4 A transparent membran e, (Sjfl2) is etched by the dry etching usin g gas " 
[001 1] Since the semi-transparent membrane undei il (Lrj serves as an etching stopper at this time it 
can etch easily, without giving a damage to the transparent substrate 1 . And if a photopolymer is 
£S t*TC2~ a S6mi ~ ent memb ™ e > the P^se shift maL Lwn in ' 

showJ ht^Sfn^' ^ C T Ple ° f 3 "*""?* investi 8 ati ™ ^ Phase shift mask is shown, to be 
shown in this drawing, a semi-transparent membrane 2 is formed in transparent substrate 1 front face a 
transparent substrate is dug, and the amount of phase shifts is controlled by this type of thing In the 
mask of this structure there is an advantage that a mask dimensional accuracy is high That is if the 
pattern size of a very thin semi-transparent membrane is controlled, since this semi-transparent 

noTnn a "f e IT? ES "I™;* at th f time ° f etching of a substrate > Aspersion in the size of the etching 
portion of a substrate can be lessened eiwung 

^^^^S^^f^ Shift maSk K° f thiS StmCtUre pr ° duCeS mask blank -hich 
tormed the very thin (200-300A) semi-transparent membrane 2 of Cr on the transparent substrate 1 first 

And a photopolymer is applied, a mask pattern is drawn and etchmgof as^rm^^S^l 

is performed after development. Etching, jg CJ2. Although the dry etchin g or wet g^g^ '~ 

performs since a semi-tran^arent membrane 2 is very thin, it is processible in precision sufficient also 

by wet etching. And it is CHF3 about the transparent substrate 1 Or CF4 It *********** in Tdenth nf 

rnnTJTu 1° C ° ntraSt may arise 180 de S rees in the dry etching using gas ? 

[0014] With the halftone method phase shift mask of a two-layer membrane type shown in drawing 4 fa) 
anc 1(b), since the amount of phase shifts is controlled by thickness of the low (it is 1 .5 or talSi) } 
transparent membrane of a refractive index, there is a fault that more than 3000A] an exposure proDertv 
especially a resolving property get worse by the case where the thickness of the phase SS^' 
becomes thick and uses [i line (lambda= 365nm). In addition, since the phase shfft section s consLted 

fo y 0 ?5i or x™i™: mb r e > ? phase ; hift masks other than a haiftone ™*«» h ave sam 2 

ni l , and ' aS Sh u 0Wn m drawi "g 4 C«X the mask of a monolayer type halftone method is 
I c Spar ! nt membrane 2 of on e kind of material, such as CrON (acid nitriding chromium) 
or MoSiON (acid nitnding molybdenum silicide), and has permeability and stnicture which conZs 

nZZ f S T taneous,y - 111 the mask of m stmcture ' usua1 ^ 2 or more and t Z% k 

refractive index of this sem.-transparent membrane can usually hold down the thickness to aboufl 5 
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:S?S has an advalge in respec, of [ .ha. i. is usually producble w,th a process of the 
same grade as a mask ] mask manufacture. 

rao'io] In the conventional monolayer type halftone phase shift mask shown in drawing , * 1(c) on me 

'andTn f S a transparent substrate and me semi- 
namone memuu dim c thTT^Tmnse of substrate etch ng prevention is not attained, 

transparent mrmbrnr° " f NfeSlQM the purpose oi suosxrdic ruuub y halftone mask cannot 

r00221 It is because the etch selectivity with the semi-transparent membrane of a halftone mask cannot 
Kin thSe several 10A will ********** and an error will produce an etching stopper ,n 
e ^«rSe the case of the conventional example of teing! (c) after * 
sfnrrSarent membrane from which it serves as an e tching stoppe r is a film formed ofajnetalhc 

SUf The place which this invention is made in view of such a situation and is made into ^purpose 
s enabling it to offer a highly precise mask with high repeatability, as etching of a substrate can be 
^X tZnolzylr type halftone method phase shift mask which can form a phase shift layer in 

a thin film. 

Ss for Solving the Problem] The process which forms the 1st transparent or translucent phase shift 
ElCrnt substrate according to this invention in order to attain the above-mentioned 
K ( 5)^S^pS^ Vr. it 'differs in etching nature on the phase shift layer of the above 
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1st. And the process and [drawing 1 (a) which form the 2nd translucent phase shift layer with fully thick 
thickness from this phase shift layer, The process which forms the etching mask which has opening on 
the field which should form a transparent field on the phase shift layer of.] and the drawing 2 (a) 
drawing 3 (a)(3) above 2nd, (4) -- the process which ********** s the 2nd phase shift layer alternatively 
by the etching method which has an anisotropy and has selectivity to the phase shift layer of the above 
1st, and [(c) view ~ ] ~ (- five -) — ****** __ (_- four --) ~ a process ~ a result having exposed - the 
above - the -- one - a phase shift — a layer — being isotropic — etching - a method — **********ing — 
a process — [ — (~ d — ) - a view - ] — having - a phase shift - a mask - manufacture -- a method - ** 

providing - having . 
[0025] 

[Example] Next, the example of this invention is explained with reference to a drawing. 
[1st example] drawing 1 (a) - (e) is the cross section having shown the manufacture method of the 1st 
example of this invention in order of the process. First, as shown in drawing 1 (a), on the transparent 
substrate 1 of a quartz, Cr is formed to 50A ** by the spatter, 1 s t semi -transparen t membrane 2a is 
formed, similarl y MqSiOJN l is continuously formed to 1500 A * * by the spatter, 2nd semi-transparent 
membrane 2b is formed, and a mask blanket is manufactured. Passing oxygen (02) gas and nitrogen 
(N2) gas, the spatter of the MoSi was carried out and MoSiON formed membranes. 
[0026] It is required to fulfill the conditions of ** with easy ** dry etching that there is 80 - 97% of 
shading nature as a material of 2nd semi-transparent membrane 2b by thickness of the same grade as the 
shading film (Cr) of a ** usual optical mask, and the phase shift of about 180 degrees can be given 
(namely, refractive-index :n>2). As what fulfills this condition, there are an oxide of MoSi, WSi, and 
TiSi, a nitride, an acid nitride, etc., and these can be formed by carrying out the spatter of each silicide, 
supplyi ng oxygen gas and/or nitrogen %as. . 

[0027] in the mask blank shown in drawing 1 (a), permeability should predetermined-value-do by the 
semi-transparent membrane which consists of the 1st semi-transparent membrane 2a and the 2nd semi- 
transparent membrane 2b - the amount of phase shifts is made by 180 degrees with ** That is, when the 
permeability of the transparent substrate 1 is made into 100%, the light which the permeability T of the 
2nd semi-transparent membrane 2b / the 1st semi-transparent membrane 2a / transparent substrate 1 is 
set as 3 - 20% of range, and penetrates 1st semi-transparent membrane 2a and 2nd semi-transparent 
membrane 2b, and the light which is not penetrated are made to produce the phase contrast of 180 
degrees. 

[0028] Next, as shown in drawing 1 (b), a photopolymer 4 is applied and a mask pattern is drawn with 
ele c^on-beam-lithograp h_v_equipment. Next, as shown in drawing 1 (c), 2nd ^^^m^^^me^rmQ 
!Hns~**********ed by t^div^etchin after the development of a — — 

photopolymer 4. At this time, 1st semi-transparent membrane 2a becomes an etching stopper, 
gas: — SF6 etching power: — 300W pressure: — 200m Torr quantity -of-gas-flow: — 30sccm [0029] Next, 
as shown in drawing 1 (d), the wet etching using the 2nd cerium Amon solution of a nitric acid and the 
mixed liquor of perchloric acid removes 1st semi-transparent membrane 2a. And if a photopolymer 4 is 
finally exfoliated, as shown in drawing 1 (e), manufacture of the phase shift mask of this example will 
be completed. 

[0030] In this example, although side etching of the same grade as the thickness arises for isotropic 
etching in the case of etching of 1st semi-transparent membrane 2a, since 1st semi-transparent 
membrane 2a is specified substantially [ it is sufficiently thin and / a mask size ] at 2nd semi-transparent 
membrane 2b, the problem of a dimensional accuracy is not produced. 

[0031] The 2nd example of this invention is explained with reference to the [2nd example], next 
drawing 2 . Drawing 2 (a) - (e) is the cross section having shown the manufacture method of the 2nd 
example of this invention in order of the process. First, as shown in drawing 2 (a), 2nd semi-transparent 
membrane 2b set to 1st semi-transparent membrane 2a which consists of CrO of 300 A of thickness on 
the transparent substrate 1 of a quartz from MoSiON of 1000A of thickness is formed one by one. 
[0032] Next, as shown in drawing 2 (b), a photopolymer 4 is applied and a mask pattern is drawn. Then, 
SF6 as shown in drawing 2 (c), after developing a photopolymer 4 It uses and dry etching of the 2nd 
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semi-transparent membrane 2b is carried out. And as shown in drawing 3 (d), wet etching removes the 
1st semi-transparent membrane, and as shown in drawing 2 (e), finally a photopolymer 4 is exfoliated. 
Also in this case, since 1st semi-transparent membrane 2a is thin compared with the 2nd semi- 
transparent membrane, a mask size is determined by 2nd semi-transparent membrane 2b, and side 
etching of 1st semi-transparent membrane 2a hardly becomes a problem. However, as 1st semi- 
transparent membrane 2a is ********** ec j by the dry method of an anisotropy to the middle and only 
the last portion is removed by the wet method, the influence of side etching can be stopped to the • 
minimum. 

[0033] In this example, since the permeability of 1st semi-transparent membrane 2a is comparatively 
high, there is an advantage that the permeability of (that it is necessary to make the 2nd semi-transparent 
membrane thin so that total phase contrast may become 180 degrees if the 1st semi-transparent 
membrane is thickened), and a phase shift mask can be easily changed in a certain amount of range 
(each semi-transparent membrane of the 1st and 2 value in an independent case), by changing the 
thickness of the 1st semi-transparent membrane and the 2nd semi-transparent membrane. However, if 
the thickness of 1st semi-transparent membrane 2a becomes thick too much, since this film will come to 
influence a mask size, it is necessary to make thickness of 1st semi-transparent membrane 2a thinner 
than 2nd semi-transparent membrane 2b. 

[0034] The 3rd example of this invention is explained with reference to the [3rd example], next drawing 
3 . Drawing 3 (a) - (e) is the cross section having shown the manufacture method of the 3rd example of 
this invention in order of the process, first, it is shown in drawing 3 (a) - as - the transparent substrate 1 
top of a quartz - Sn02 of 200A ** from - the becoming transparent membrane 3 and the semi- 
transparent membrane 2 which consists of MoSiON-of 1300A ** are formed by the spatter, respectively 
[0035] in the mask blank shown in drawing 3 (a), permeability should predetermined-value-do by the 
semi-transparent membrane which consists of a transparent membrane 3 and a semi-transparent 
membrane 2 - the amount of phase shifts is made by 180 degrees with ** That is, when the 
permeability of the transparent substrate 1 is made into 100%, the light which the'permeability T of the 
2/transparent substrate 1 of 3/semi-transparents membrane of transparent membranes is set as 3 - 20% of 
range, and penetrates a transparent membrane 3 and a semi-transparent membrane 2, and the light which 
is not penetrated are made to produce the phase contrast of 1 80 degrees. 

[0036] Next, as shown in drawing 3 (b), a photopolymer 4 is applied and a mask pattern is drawn with 
electron-beam-lithography equipment. Subsequently, as shown in drawing 3 (c), they are after the 
development of a photopolymer 4, and SF6. A semi-transparent membrane 2 is ********** e£ j b y me 
dry etching using gas. At this time, a transparent membrane 3 serves as an etching stopper. Then, as 
shown in drawing 3 (d), wet etching removes a transparent membrane 3. And finally, as shown in 
drawing 3 (el. a photopo lymer 4 is exfoliated, and a phase shift mask is manufactured . 
[003_7] In addition, although the tra nsparent membrane 3 is used as the etching stopper in this examp le 
it differs from the thing of the conventional example similarly shown in JP.4-359254.A using a 
transparent membrane as an etchin g stopper fundamentally. That is. in this conventional examp le, the; 
transparent membrane of this example is used as a film which produces the phase contrast and the 
permeability difference which were controlled to an etching stopper laver being a layer it is considered 
fundamentally that is a part of substr ate, and the phase contrast and the permeability difference which 
this produces being a film which does not pose a problem. 

[00381 and although th e effect that a substrate is the same with having ********* * e d arises and it 
becomes the cause of a gap of pha se contrast in the conventional example when this etching stopper 
*** *******s, since the etching stopper itself is removed after that in the case of this invention, even if 
this fi lm may receive some etching at the time of the dry etching process of a semi-transparent 
membrane, a resolving property receives a bad influence or dispersion in the property between masks 
becomes large - there ar e nothings In addition, as a material for forming the 1st phase shift layer. 
although the example explained, tra nsparent membranes, such as semi-transparents membrane, such as 
CrON and CrN. and ITO. can be used outside. 
[0039] 
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[Effect of the Invention] And a lower layer film is processed by isotropic etching, the two-layer phase 
shift layer from which, as for this invention, etching nature differs a semi-transparent membrane as 
explained above - constituting ~ the upper film - anisotropic etching ~ Since the phase shift mask of a 
monolayer type (namely, mold in which phase shift is made to perform by semi-transparent membrane) 
halftone method is formed It becomes possible it to be lost for that a transparent substrate ********** s , 
to be a high precision, and to be able to manufacture now the mask which has the thin phase shift layer 
of thickness with sufficient repeatability, to be stabilized and to manufacture the phase shift mask of a 
good exposure property. 



[Translation done] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the manufacture method of a halftone type phase shift 
mask especially about the manufacture method of the phase shift mask used for semiconductor device 
manufacture. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/26/03 



Page 1 of 3 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. e 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Now, in the manufacturing process of a semiconductor device in order to 
torm a pattern on a semiconductor substrate, optical lithography technology is used In optical 
lithography, it imprints to the photopolymer to which the pattern of a photo mask (each will be called 
mask here although it is the transparent substrate which has the pattern which consists of a transparent 
held and an opaque field, and it is also called a reticle especially when reduction percentage is not 1) 
was applied by the reduction projection aligner on the semiconductor substrate, and a photopolymer is 
processed into a predetermined pattern by development. 

[0003] In the conventional optical lithography technology, it has corresponded to detailed-ization of a 
semiconductor device pattern by raising NA (Numerical Aperture; numerical aperture) of an aligner 
However, although resolution improves by high NA-ization of an aligner, conversely, the depth of focus 
decreases and the further detailed-ization serves as difficulty in respect of the depth of focus Then 
phase shift mask technology has been developed and put in practical use. A phase shift mask is the 
technology of controlling the phase of the light which generally penetrates a mask and improving the 
optical intensity distribution in an image formation side. 

[0004] the thing of various methods is proposed as phase shift mask technology - especially to an 
isolated pattern like a contact hole pattern, it is effective, for example, the phase shift mask of the 
halftone method shown in JP,4- 1 62039,A attracts attention 

[0005] The usual mask prepares the shading film pattern which consists of chromium (Cr) on 
transparent substrates, such as a quartz, and, on the other hand, the phase shift mask called halftone 
method prepares the semi-transparent membrane pattern of predetermined thickness, such as a chrome 
oxide, on a transparent substrate. That is, with a mask, a transparent field and an opaque field are usually 
prepared on a transparent substrate, and a transparent field and a translucent field are prepared with a 
halftone method phase shift mask. 

P2° 6] i ™ 1 the phaSC ° f the Hght which P enetrates a transparent field and a translucent field is made to 
differ 1 80 degrees mutually with a phase shift mask. Therefore, on an image formation side the light of 
a transparent field and a translucent field negates each other, the steep optical intensity distribution of a 
profile are obtained, and the depth of focus and resolution can be conventionally raised rather than a 
m<iSK. 

[0007] Next, the phase shift mask and its manufacture method of this halftone method are explained 
with reference to a drawing. The phase shift mask of a halftone method is divided roughly into the two- 
layer film method which the phase shift section consists of with the two-layer film of a transparent phase 
shift layer and a transparent translucent layer, and the monolayer method with which a phase shift layer 
is constituted by the semi-transparent membrane. There are formed type of membranes and a substrate 
investigation type in the former again. It is a thing of a two-layer film method which was shown in 
drawing 4 (a) and (b), and it is a thing of a monolayer method which was shown in drawing 4 (c) 
[0008] what is shown in drawing 4 (a) - the transparent substrates 1 top, such as a quartz ~ SiO [ semi- 
transparents membrane / 2 / [although Cr is shading material, it usually uses the film of permeability of 
the same grade as a mask (about 1% of permeability) as a shading film here, and it usually makes the 
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imfv^r™?^ ?° re ^ a maS \ & semi -«™P*™* membrane] /, such as very thin Cr, / about 
200A ]2 etc. - it has the transparent membrane 3 

[0009] In the phase shift mask of this structure, the permeability of a translucent field is controlled by 
thickness of a semi-transparent membrane 2, and the amount of phase shifts is controlled by thickness of 
3 n P Tl memb r e 3 (SmCC ab ° Ut [ semi P e ™<*ble ^mbmne 220-30 degree ] phase coSarises 
™t? tt 51 ^ I* Semi " trans P arent membrane 2 > and its refractive index, in consideration S 
rate, the thickness of a transparent membrane 3 is controlled to become 180 degrees on the whole) 
Therefore the advantage on the exposure property of this structure is a point which can control the 

amTt of - h tra " s i ucent / ield ^* a broadly and sufficient precision and which can control the 
amount of ** phase shifts with a sufficient precision. 

[0010] Next the manufacture method of the mask of this structure is explained. First, the mask blank 

JSZSm' u ( ™, by the Spm 0n glass method )' on this on the transparent 

substrates 1, such as a quartz, is produced. Next, sensitization Naruki fat is applied to this mask blank a 
mask pattern ,s drawn, and the mask of a predetermined pattern is formed by development And COT3 
J™ A transparent membrane (Si02) is etched by the dry etching using gas 
[001 1] Since the semi-transparent membrane under it (Cr) serves as an etching stopper at this time it 
can etch easily, without giving a damage to the transparent substrate 1 . And if a photopolymer ™ 

S a ^-^^ membrane ' the ^ Shift mask sh ™n " 

[0012] In drawing 4 (b), the example of a substrate investigation type phase shift mask is shown to be 
shown ,n this drawing, a semi-ttansparent membrane 2 is formed in transparent substrate 1 front'face a 
transparent substrate is dug, and the amount of phase shifts is controlled by this type of thing S he 
mask of this structure, there is an advantage that a mask dimensional accuracy is high Thatfs if the 
EST" I.' V6iy n s™]-*^™' membran * « controlled, since this semi-transparent 

^S^riT? ^ a K ma , Sk at ^ time ° f etching 0f a substrate ' dis P ersion in ^e of the etching 
portion of a substrate can be lessened 8 

Elh^ ^ ^V* ^ StmCtUre pr ° duces * e mask blank 

An^ril T (200-300A) semi-transparent membrane 2 of Cr on the transparent substrate 1 first 
And a photopolymer is applied, a mask pattern is drawn and etching of a semi-transparent membrane 2 
is performed after development. Etching is C12. Although the dry etching or wet etching 2»T 

b P ™S e And^rSTaCt^r 2 " Vei7 H " Pr0C6SSible in Predsi0n Suff - ent 
oy wei etcning. And it is CHF3 about the transparent substrate 1. Or CF4 It **********<■ ; n a n^nth n f 

0014] With the halftone method phase shift mask of a two-layer membrane type shown in drawing 4 fa) 

low hlT? f a T C n ^ Ph f 6 ShiftS iS C ° ntr0lled ^ thickness of a <™P«* membranTwSff ( } 
low (it.s 1.5 or less at Si02) refractive index, there is a fault that more than 3000A] an exposure 
property especially a resolving property get worse by the case where the thickness of the phase shift 

SSSTS t US6S [i 0ambda= 365nm) - * additi0n ' Since the phase sKtLn f 
same f^h * ^ membrane ' a11 phase shift mask * other than a halftone method have the 

[0015] On the other hand, as shown in drawing 4 (c), the mask of a monolayer type halftone method is 

I Spar ! nt membrane 2 0f one Wnd of material > ^ch as CrON (add nitriZ chromium) 
or MoSiON (acd nitnding molybdenum silicide), and has permeability and structure ScSs 
phase contrast simultaneously. In the mask of this structure, usually, 2 or more and since it isTarge the 

ri^rl e \ 0f AlS S / mi -r J Sparent membrane Can usua,, y h0,d d0 ™ thickness to aboufl' 5 
times of the thickness of the shading film (1000A) of a mask with about 1500A, and can suppress low 
the influence to which the three-dimensional structure (cross-section configuration of ^S^mZ 
membrane 2 opening) of a mask gives a resolving property transparent 
[0016] By performing the spatter of Cr or MoSi and adding 02 and (oxygen) N2 aas cnitmae^ nn th. 
transparent substrate 1, first, at this time, the manufacture method of Sask of lis 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. & - 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] the two-layer phase shift layer from which etching nature differs a semi- 
transparent membrane in this invention as explained above - constituting - the upper film - anisotropic 
etching - and a lower layer film is processed by isotropic etching, and the phase shift mask of a 
monolayer type (namely, mold in which phase shift is made to perform by semi-transparent membrane) 
I*;™? 1 * 6 * u 0rmC ? Therefore > h becomes P^^ble it to be lost for that a transparent substrate 
s, to be a high precision, and to be able to manufacture now the mask which has the thin 
phase shift layer of thickness with sufficient repeatability, to be stabilized and to manufacture the phase 
shift mask of a good exposure property. 



[Translation done.] 
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TECHNICAL PROBLEM 



the transparent substrate 1 needs to hold down to several I ? OA or Zl n theref ° re etchlng of 
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[Means for Solving the Problem] The process which forms the 1st transparent or translucent chase shift 
layer on 0) transparent substrate according to this invention in order to attain £ A^^SoS 
purpose 2) With this phase shift layer, it differs in etching nature on the Cffii 

^ e P r ° ceSS f d [d uT n8 1 (a) Which f0rm the 2nd transluce * Phase shift Yayi^ MhrSc 
ttt?H w m u *Z* frf Shlft l3yer ' The pr0CeSS which forms the etcl 4 mask wJJ2„ 

l?^Lli4"? " " ~ § ~ " PhaSe Shift " " maSk manufacture - a meth «d 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

prec?sdy° CUment ^ ^ translated by com P"ter.So the translation may not reflect the original 

2. **** shows the word which can not be translated. 
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[Example] Next, the example of this invention is explained with reference to a drawing 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 
SSSSo? 85 SeC,i0n ° f 3 ^ f ° r of «"e is. 

SWiMfcT section of a process for exp,aining * e m 
J2W«?ta2to" seaion of a process for explainin8 fte manufacture m « h ° d ° f *« « 
pSI^ 2 £23*" of * e convemional half,one *» «* 

1 Transparent Substrate 

2 Semi-transparent Membrane 

2a The 1st semi-transparent membrane 
2b The 2nd semi-transparent membrane 

3 Transparent Membrane 

4 Photopolymer 
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may not reflect the original 



DRAWINGS 



IPrawing 1] 
(o) 



CO 4 2b 




(e) 



2b -mzo^m.mtk 



[Drawing 2] 



2b 
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[Drawing 4] 
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